Abstract. We investigate the morphodynamic evolution of an arbitrarily tilted, coarse, 
Formulation of the problem
In the present work the focus is on the evaluation of number Rp, defined in the form:
where ρs is the density of sediments, ρ is the density of 131 water, s = ρs/ρ is the relative density, D is the particle 132 diameter (assuming that the sediment distribution can be 133 described by a uniform size), ν is the kinematic viscosity,
134
is the average bed shear stress vector, and g is grav-135 itational acceleration. In the following, we will consider 136 the bed-load transport vector per unit width, q, made 137 dimensionless using Einstein's scale
Denoting unit vectors with a carat (ˆ), we consider Note that these two lines are not in general orthogonal 156 to each other. It is useful to introduce also a bed tangent
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reference system (ŝ,ŝ ×n) with the unit vectorŝ corre-158 sponding to the direction of bed shear stress and the 159 unit vectorn the upward normal to the bed.
160
In the case of an arbitrarily (both longitudinally and 161 transversally) tilted bed, gravity affects both the condi- 
with
where r is a constant.
197
The linearized approximation of the Parker et al.
198
[2003] non-linear model (hereafter the L-NLM) leads to 199 the following estimates:
and than that predicted by the LM (equation 6).
227
It can be seen that the NLM predicts a much faster 228 growth of the bed load intensity with τ * than L-NLM (8).
229
Similarly, the rate of increase of q with the longitudinal by an electromagnetic flow-meter.
246
The sediment particles were fed at a constant rate by were glued on the surfaces of the two fixed bed zones.
289
The employed set-up was designed to achieve an initial 290 uniform flow over the fixed and mobile bed.
291
At the beginning and at the end of the experiments, 
Experimental procedure
The experiments were conducted using different lon- 
where C f 0 is the friction coefficient of the reference uni- 
( 
Results
The experimental observations of the evolution of the 
Experimental observations
The initial conditions for the experimental runs are X -9 mechanisms related to mass failure of the bed.
461
As a first example, the morphodynamic evolution of 462 the cross-sections is shown in Figure 4 for Run 2a at dif- 
Numerical results and comparison
We now consider the results of the three-dimensional 513 numerical model for the bed evolution, employing the dif- The predicted decrease of q y is much faster for the NLM 571 and L-NLM than for the L-MPM.
572
The transversal bed inclination ϕ (Figure 10 ) is high- 
Discussion
To further elucidate the gravitational effects on bed- can play some role in the definition of this morphology.
620
To investigate the latter point, we employed the numer- the values of main parameters is reported in Table 3 .
641
The simulations were started from an initially flat bed,
642
with imposed small scale disturbances in the form of five ent amplitudes in order to trigger the formation of bars.
645
The simulations proceeded until an equilibrium configu-646 ration of the bed was reached or bar emersion occurred.
647
Under these conditions, the main characteristics of the 
Conclusions
In the present work the effects of local longitudinal 700 and transversal high slopes on bed-load transport is in- 
704
Experiments were performed to observe the evolution 705 of a mobile bed from an initial arbitrarily sloping configu-706 ration to the final laterally flat equilibrium configuration.
707
In order to evaluate the bed-load transport over an arbi-
708
trarily sloping bed, the measured bed profiles were com- 
